Abstract. Canine malignant mammary gland tumors (CMMGTs) are the most common malignancies observed in females. Several biological similarities have been reported between CMMGTs and human breast cancer (HBC). The present study aimed to assess the correlation of vimentin filaments overexpression, as part of the process of epithelial-mesenchymal transition (EMT) and the clinicopathological characteristics in CMMGTs. The clinicopathological characteristics of 42 CMMGTs were collected. Paraffin-embedded blocks underwent immunohistochemistry staining, which was performed using vimentin (to assess the evolution of the EMT process), Ki-67 (for evaluation of tumor proliferation) and cluster of differentiation 34 (CD34) (for evaluation of angiogenesis) antibodies. The tumor stage, grade, vascular invasion, margin status, rate of expression of the vimentin filaments, microvessel density-CD34 and proliferation rate data were obtained. Finally, the association between the expression of the vimentin filaments and those parameters was resolved statistically. A significant association was shown between the overexpression of the vimentin filaments and tumor size (r=0.71, P=0.03), tumor grade (r=0.80, P=0.021), angiogenesis (r= 0.57, P= 0.043), proliferation coefficient (r= 0.06, P= 0.001) and vascular invasion (r=0.76, P=0.043). Vimentin overexpression did not statistically correlate with the tumor stage or the margin status. Similar to the findings of the present study, certain recent studies have indicated that vimentin filament expression in HBC and CMMGTs is associated with the severity of cancer. Thus, spontaneous canine mammary tumor models appear to be an appropriate animal model for breast cancer research, and the results of the present study could aid to reinforce the association.
Introduction
Canine malignant mammary gland tumors (CMMGTs) are the most common malignancies observed in females, with a low post-surgery overall survival rate (OSR) (1, 2) . Statistical analyses indicate that in canine mammary gland tumors, the recurrence risks of malignant tumors are 13-fold higher than benign tumors (3) . Currently, numerous studies are being conducted on CMMGTs and it has been revealed that the biological behavior of CMMGTs is similar to that of the human breast cancer (HBC) (4) . The development of molecular profiling in cancer allows the identification of significant molecular pathways and the description of novel biomarkers (5) .
Biomarkers have specific roles in the determination of OSR and are recognized as a novel targeted therapy. Therefore, the assessment of biomarkers is considered to be useful in cancer research. By contrast, novel molecular pathways have aided in achieving therapeutic goals. Thus far, numerous significant molecular pathways in mammary gland tumors have been recognized and are being extensively studied (4) . As aforementioned, there are similarities between HBC and CMMGTs. Therefore, CMMGTs are considered to be an appropriate model for the development of recombinant drugs and monoclonal antibodies for the treatment of HBC (6) . Tumoral xenograft models have been recommended as the preclinical phase of cancer, however, increasing evidence suggests that spontaneous CMMGTs have more similarities with HBC (3).
In recent years, the vimentin biomarker has been extensively investigated in cancers. The overexpression of vimentin filaments in types of cancer of an epithelial origin is abnormal and represents phenotypic changes of malignant epithelial cells into mesenchymal cells, known as epithelial-mesenchymal transition (EMT) (7) . Although EMT has been identified to occur during embryogenesis and wound healing, its role in cancers of an epithelial origin, along with some of its mechanisms, has been recently identified (8) . There is numerous evidence indicating that overexpression of EMT-related genes in the epithelial malignant cells increases the invasiveness and metastatic potential (7, 8) . Furthermore, the findings of HBC studies have demonstrated that overexpression of the vimentin filaments in breast malignant cells correlates with a poor prognosis and that EMT leads to unfavorable clinicopathological features in patients (5) .
Currently, multiple biomarkers are applied for detection, prognosis and prediction of cancer. Based on the numerous similarities between CMMGTs and HBC, a previous study has examined the accuracy of the markers for CMMGTs (9) .
The present study aimed to assess the correlation between vimentin overexpression and the clinicopathological features of CMMGTs, and to validate the associated CMMGT model.
Materials and methods

CMMGTs and immunohistochemistry (IHC) analysis.
In the retrospective observational study, the investigators were blinded to all the pathological diagnostic stages. A total of 42 CMMGTs obtained from bitches that underwent surgery in several small animal clinics in Tehran (Iran) between 2009 and 2013 were collected and studied. The inclusion criteria were CMMGTs that adhered to the Goldschmidt et al (10) guideline, with histology test results of malignant epithelial neoplasms or special types of malignant epithelial neoplasms; CMMGTs with complete clinical data; and tumors in the initial stage. Recurrent tumors were excluded from the study. All the recorded clinical data, including the age of the canines, tumor size, affected area of the breast, lymph node involvement or recognizable metastases, and the presence or absence of invasion, were collected. Paraffin sections or blocks of the specimens were prepared and the slides were stained with hematoxylin and eosin (H&E) and observed under a light microscope to confirm the malignancy of tumors. Blocks, 4-µm thick, underwent IHC staining performed with vimentin (clone: Vim 3B4; Dako, Carpinteria, CA, USA), Ki-67 (clone: MIB-1; Dako) and cluster of differentiation 34 (CD34) (clone: QBEnd 10; Dako) antibodies according to the manufacturer's instructions.
Clinical evaluation. The tumor size of the tissues were examined and classified as T1, T2 and T3 (T1<3, T2=3-5 and T3>5 cm) according to the criteria recommended by Cassali et al (9) . The regional lymph nodes were classified as N0, N1 and N2 according to the classification developed by Cassali et al (9) . The clinical cancer stages (stages I-IV) [tumor-node-metastasis (TNM)] were determined according to the system described by Cassali et al (9) .
Histological analysis. The tumors were graded from I to III using a guideline based on the study by Goldschmidt et al (10) , as well as tubule formation, nuclear pleomorphism and mitotic index (9) . Vascular invasion was considered positive if the H&E staining revealed clear malignant cells in the vessels. The margin status of the paraffin blocks subjected to H&E staining was investigated and all the specimens were classified as free (0) and involved (+1) based on the absence or presence of the deep margin, respectively.
The rate of membrane immunoreactivity of the vimentin filaments in the malignant epithelial cells was interpreted according to the intensity and degree of reactivity. The canine fibrosarcoma tumor was used as the positive control. The pathologist randomly selected 10 fields and rated the intensity and degree of reactivity under magnification, x400, based on the positive control. A three-tiered scoring system was conducted as 0 (negative), +1 (weak positive) and +2 (strong positive) (11) .
Angiogenesis evaluations were performed as previously described by Dhakal et al (12) and da Silva et al (13) for the microvessel density (MVD)-CD34 by counting the number of endothelial cells and immunoreactive lumens in four hot-spot regions under magnification, x100, and determining the average value. The results were reported as negative (0; MVD<20), weak positive (+1; 20≤MVD≤ 40) and strong positive (+2; MVD> 40) (12, 13) .
For the evaluation of tumor proliferation using the Ki-67 antibody, 10 fields showing 100 malignant epithelial cells were randomly selected and the number of immunoreactive nucleoli was determined under magnification, x400. The proliferation index results were reported as percentages [negative (0), <5; weak positive (+1), 5-15; strong positive (+2), >15%] (9).
Statistical analysis.
The results are presented as mean ± standard error of the mean. The ordinal scale was employed for the measurement of medians. Linear regression was used to determine the correlation between the overexpression of the vimentin filaments and tumor size, tumor stage, tumor grade, vascular invasion, margin status, tumor angiogenesis and tumor proliferation. All the statistical analyses were performed using BioStat ® 2008 software (AnalystSoft, Inc., Vancouver, BC, Canada). P<0.05 was considered to indicate a statistically significant difference.
Results
Tumor stage and IHC analyses. The mean age of the canines included in the present study was 7.6±0.9 years and there were 35 (83.2%) tumors involved the abdominal region. In terms of the involvement of the mammary glands, 29 (69.0%) had only one mammary gland involved. In addition, mamectomy (40.5%) was the most common surgery technique. The tumor sizes were T1, T2 and T3 at 47.6, 42.8 and 9.6%, respectively. According to the TNM system, tumor staging showed that stage I tumors had a frequency of 33.3% and stage I tumors, which were the most common clinical stage II noted in the present study, had a frequency of 52.4% (Table I) . Based on the guideline recommended by Goldschmidt et al (10) , the histopathological findings revealed that 59.5% of the tumors were simple carcinoma. The other histological features are shown in Fig. 1 . The grade II tumors were observed most frequently with a frequency of 54.8%. Furthermore, 45.8% of the tumors had margin involvement and a positive vascular invasion was reported in 52.4% of the tumors (Table I) .
The IHC results showed that 12 (28.6%) and six (14.3%) of the specimens were strong-and weak-positive for the vimentin biomarker, respectively. The findings of Ki-67 and MVD-CD34 analyses are illustrated in Table I . Although the statistical analysis represented a significant association between vimentin filaments overexpression and the tumor size (r= 0.71, P= 0.03), tumor grade (r= 0.80, P= 0.021), angiogenesis (r= 0.57, P= 0.043), proliferation coefficient (r= 0.06, P=0.001) and vascular invasion (r=0.76, P=0.043), there was no statistical correlation between the vimentin filaments and the cancer stage and margin status (Tables I and II) .
Discussion
The result of the present study revealed that the overexpression of the vimentin filaments was associated with numerous clinicopathological features observed in tumors with unfavorable characteristics. Some studies have demonstrated that the presence of vimentin biomarkers is linked to a poor prognosis in HBC (7,11,14) . The study by Hemalatha et al (11) indicated that overexpression of vimentin is not associated with tumor grade and Ki-67, whereas Vora et al (14) concluded that the invasion potency is increased by the overexpression of vimentin and the loss of cytokeratin in breast cancer. However, Yamashita et al (7) evaluated the expression of vimentin in invasive ductal carcinoma of sporadic breast cancer and revealed that the overexpression of vimentin increased in the subtype of triple-negative breast cancer and was associated with invasiveness potency (8) .
EMT is a process in which the epithelial cells lose their epithelial characteristics and acquire mesenchymal characteristics. This mechanism occurs in breast cancer and results in the reduction or loss of cadherin adhesion molecules, loss of luminal cytokeratin, enhancement of basal cytokeratin, manifestation of different proteins, including α-smooth muscle actin, changes in the expression of matrix metalloproteinase genes and transforming growth factor-β (TGF-β) and increased expression of vimentin, thus facilitating migration and metastasis of malignant cells (14) (15) (16) .
The evaluation of vimentin expression in breast cancer is considered to be beneficial for determining the prognosis. Furthermore, analysis of the vimentin expression has therapeutic value as the tumor progression may be controlled if vimentin and its upstream line are targeted (17) and such Figure 1 . Occurrence rate of various histotypes of canine malignant mammary gland tumors. According to the Goldschmidt histological system, ~60% of the tumors were simple carcinoma and three others, which were anaplastic, ductal and inflammatory carcinomas, had the lowest occurrence rate. Table I . Clinical and pathological results of canine malignant mammary gland tumors in the present study. Numerous studies on vimentin demonstrated that EMT occurs in humans, as well as canines, and that vimentin expression is associated with tumor malignancy (14, 15, 17) . However, unlike the previous studies, in the present study, no association was observed between vimentin expression and cancer stage, similar to the study by Terra et al (19) . In addition, there was no correlation between vimentin expression and margin status, thus warranting further studies in this area.
Similar to the findings of the present study, certain recent studies have indicated that vimentin filament expression in HBC and CMMGTs is associated with the severity of cancer. Thus far, numerous studies have demonstrated the similarity between HBC and CMMGTs and a majority of them have concluded that the biological behavior of CMMGTs is similar to that of HBC (3, 4, 6) . Pinho et al (6) indicated that CMMGTs can be regarded as an HBC animal model and that HBC and CMMGTs have similar biomarkers, thus making the canine mammary tumor an appropriate model for epidemiological, genetic and therapeutic studies on HBC (4).
Although there are breast xenograft models, there appears to be a gap between the in vivo and in vitro models, and canine mammary gland tumor models could be the appropriate choice. Several studies have supported the association between the biomarkers and clinicopathological characteristics of HBC and CMMGTs (3, 4) . The study by Muhammadnejad et al (3) indicated that HER-2/neu changes in CMMGTs are similar to those in HBC and Queiroga et al (4) have also investigated this association.
Thus, spontaneous canine mammary tumor models appear to be an appropriate animal model for breast cancer research and the results of the present study could aid to reinforce the model. To make advancement in the treatment of canine cancers, vimentin could be targeted in the CMMGT models in the future. In addition, the results obtained could be helpful in the treatment of HBC. However, ethical issues should be considered in modeling studies and the 3Rs (reduction, refinement and replacement) should be considered in canine oncology studies. In addition, the oncology studies designed should also be in aid of the treatment for cancers in canines.
